Abstract Background: Thyroid nodule evaluation is usually done using a fine needle aspiration cytology/biopsy. The aim of this study was to evaluate the role of diffusion weighted imaging to differentiate benign from malignant thyroid nodules. Methods: Sixty-one patients, 15 males and 46 females (30-70 years, mean age 49.08 years) with thyroid nodules were included in the study. Routine MRI of neck and diffusion-weighted MR imaging was performed using multiple b-values. Apparent diffusion coefficient (ADC) values were done for the different b-values. Histopathological results of the thyroidectomy samples were obtained. Comparison of apparent diffusion coefficient values of thyroid nodules with the histopathology was done. Results: The pathology results showed that there were 38 and 23 benign and malignant thyroid nodules respectively. ADC value for b-values of 0-300 s/mm 2 was used to evaluate the ADC values for benign and malignant thyroid nodules which were significant (p < 0.001). Higher ADC values were seen in benign nodules (ADC: 2.32 ± 0.44 · 10 -3 mm 2 /s) than malignant ones (1.40 ± 0.40 · 10 -3 mm 2 /s). Conclusion: Differentiation of thyroid nodules whether benign or malignant can be done using the diffusion-weighted MR technique.
Introduction
There is a great increase in the incidence of thyroid cancer. 1, 2 Thyroid cancer is the most common endocrine tumor. Incidence of thyroid cancer is increasing by 6%. 3 Fine needle aspiration cytology guided by ultrasonography can prevent unnecessary thyroidectomy and precise the extent of surgical resection. 4, 5 Thyroid ultrasonography can provide information with regard to nodule diameter, structure of the nodule whether cystic or solid, presence of classification, regular margin and absence of halo sign but still no reliable criteria for distinguishing benign from malignant lesions. In addition, it is difficult to diagnose the malignancy of the nodule when it is large or multinodular. 6, 7 Despite great improvement in diagnostic techniques such as thyroid scan and CT scan of neck, there is still a large problem to use a non-invasive and reliable technique to differentiate benign from malignant thyroid nodules. Recent developments in MRI techniques may be of diagnostic value. 8 Diffusion-weighted MR imaging (DWI) is an emerging technique for brain tumors. DWI is sensitive to changes in the microstructural organization of tissue that may affect water diffusion. It has been used to evaluate head and neck tumors. [9] [10] [11] The Apparent Diffusion Coefficient (ADC) value is a quantitative parameter for distinguishing malignant tumors from benign thyroid nodules.
We compare ADC value of thyroid nodules with their histopathology and then evaluate its role in differentiating malignant from benign thyroid nodules.
Patient selection
Between February 2012 and February 2014, 61 patients (15 males; 46 females) with determined thyroid nodules either by clinical examination or by ultrasonography were prospectively enrolled and patient consent was obtained. Mean age of those patients was 49.08 years (range 30-70 years). Routine neck MR imaging and diffusion-weighted MR imaging were performed for each patient. All patients will be subjected to thyroidectomy within 2 weeks and then followed by histopathology result. Histopathology revealed that 38 patients had benign lesions, including thyroid adenoma (N = 30) and nodular goiter (N = 8),) while 23 patients were found to have malignant lesions, including thyroid papillary carcinoma (N = 13), follicular thyroid cancer (N = 7) and atypical hyperplasia (N = 3).
MRI technique
MR scanning was performed on a GE Sigma HD 1.5 T MR scanner. The patients lay spine and asked to avoid movement and swallowing as possible. Routine MRI examinations were done with the following parameters: fast spin echo (FSE) scanning for neck, axial T1WI (TR = 520 ms, TE = 14 ms), T2WI (TR = 3500 ms, TE = 95 ms) and coronal T2WI (TR = 3000 ms, TE = 85 ms). Thickness = 4 mm, spacing = 1 mm. FOV = 14 cm · 14 cm, matrix = 320 · 256, NEX = 4.
Diffusion Weighted MR Imaging (DWI) in axial plane was acquired using four different b factors (0, 300, 500, and 800 s/ mm 2 ). All DWI scans were acquired with the same parameters: TR = 3000 ms, TE = 60 ms, matrix = 96 · 128, thickness À4 mm and 6 averages. Total scanning time was about 10 min for the DWI scan.
Image post processing
Using the post processing software Functool from GE, ADC maps were automatically generated for each of the b factors. ADC values were extracted from ADC maps. Circular ROIs (regions of interests) with an area of 1 cm 2 were carefully placed on the lesions (areas of necrosis, hemorrhage, calcium and cyst formation were excluded).
ROIs were placed on one ADC map and then evaluated the other 2 by two experienced radiologists. To minimize noise, each radiologist made three measurements for each lesion and the mean ADC value was recorded. Final ADC value was determined by the mean values from two rates.
Analysis
ADC was done at the following b values of 300, 500, and 800 s/mm 2 . Statistical analysis was performed. All ADC 
Results
MRI results revealed that among those 61 patients of nodules in the thyroid, ADC measurements were measured at different Table 3 Sensitivity and specificity and AUC of the use of mean ADC value as calculated based on 3 different b-values for differentiating benign from malignant thyroid lesions. b values. The patients were 38 and 23 benign and malignant nodules respectively. In both types of thyroid nodules benign and malignant ones females were more common than females (Table 1) .
For ADC values at b value of 300 s/mm 2 , we found that benign lesions were significantly higher than malignant nodules (p < 0.001) ( Tables 2 and 3 ). Mean ADC value for the benign group (2.33 ± 0.47 · 10 -3 mm 2 /s) ( Fig. 1 ) is much higher than that for malignant nodule (1.13 ± 0.60 · 10 -3 mm) (Fig. 2) . We found no statistical difference in b value at 5000 and 800 s/mm 2 . Also at b value of 300 s/mm 2 the ADC value showed the highest sensitivity and specificity (Tables 2  and 3 ).
Discussion
Diffusion weighted imaging is one of the functioning MRI modalities which was used to evaluate thyroid nodules. 12 Diffusion weighted signal is produced from the movement of water in the intra, and extra cellular spaces and also from intravascular spaces. According to degree of cellularity the MRI image appeared. The malignant tumors had reduced extracellular spaces with resultant reduction in apparent diffusion coefficient. 13 The b-value in the DWI was an important factor for image quality. We obtained diffusion-weighted MR images with different b values. Higher b-values produce higher contrast between thyroid lesions and normal tissue. Our results showed that a b-factor of 300 s/mm 2 was sufficient to obtain high quality ADC values and it was also the one which had a high sensitivity and accuracy for differentiating benign and malignant nodules. These results are consistent with Bozgeyik's 10 results.
In this study we used the gold reference for malignancy which was based on the histopathology after thyroidectomy. Our results showed a significant difference in the ADC value between benign and malignant thyroid lesions, with ADC values in benign lesions being higher than malignant lesions (ADC: 2.33 ± 0.47 · 10 -3 mm 2 /s vs. malignant: 1.13 ± 0.60 · 10 -3 mm 2 /s) at the b factor of 300 s/mm 2 . These results are consistent with other similar studies. 10, 11, [14] [15] [16] However, in Weidekamm's 17, 18 study, the opposite result was reported. ADC values were higher in malignant thyroid nodules than that in benign nodules with values equal to or more than 2.25 · 10 -3 mm 2 /s.
Conclusion
In conclusion, differentiation of thyroid nodules could be done using ADC values depending on MRI diffusion weighted imaging. 
